1. SARS-CoV-2: prevalence, phylogenetics and angiotensin-converting enzyme 2 (ACE2) receptor {#sec1}
============================================================================================

After the first emergence of novel Coronavirus (COVID-19) in China in December 2019, the pandemic is now spreading at an accelerating rate to other areas worldwide. As of April 28, 2020, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has affected a total of 3,002,303 confirmed cases, with 208,131 deaths in most countries across the world \[[@bib1]\]. Recent evidence showed that diabetic, hypertensive, obese, and elderly patients have the highest prevalence of COVID-19 infection \[[@bib2]\].

The SARS-CoV-2 is a positive-sense single-stranded RNA (+ssRNA) virus with an envelope constituted spike (S) protein as a critical mediator for entering to the host cells \[[@bib3]\]. Based on recent evidence, SARS-CoV-2 has high phylogenetic similarities to the human SARS-CoV genome (responsible for the 2002 global outbreak) at the nucleotide sequences (∼79--82%). It has been supposed that the SARS-CoV-2 virus, similar to SARS CoV, exploits the same receptors, namely the angiotensin-converting enzyme 2 (ACE2) for entering host cells \[[@bib4],[@bib5]\].

Heart, brain, oral and nasal mucosa, nasopharynx, kidney, stomach, small intestine, colon, skin, lymph nodes, thymus, bone marrow, spleen, liver and blood vessels are main organs expressing ACE2 and can be the target of SARS-CoV-2 virus \[[@bib6],[@bib7]\]. Beyond that, lung alveolar epithelial cells have been known as the most dominate cell type for ACE2 expression \[[@bib8]\]. It's supposed that SARS-CoV-2 may interface with the renin-angiotensin system (RAS) via ACE2. RAS is a hormonal cascade that orchestrates key processes in human physiology, including blood pressure and volume homeostasis \[[@bib9]\].

Angiotensinogen (AGT) as a key substrate of the RAS is mainly synthesized by the liver and is cleaved by renin to form Ang I (pro-angiotensin). In the pulmonary circulation, Ang I is easily activated to Ang II by angiotensin-converting enzyme (ACE). In this process, ACE acts as a "peptidyl dipeptidase" and processes the deca-peptide Ang I to the 8-amino acid peptide Ang II. Ang II is one of the most known vasoconstrictors \[[@bib10]\]. ACE2 is another key enzyme in RAS cascade with a 17-amino acids N-terminal signal peptide and a C-terminal membrane anchor. This type I trans-membrane protein cleaves the C-terminal amino acid of angiotension I (Ang I) to the nonapeptide Ang 1--9. ACE2 also directly converts Ang II to Ang 1--7, which activates G protein-coupled MAS receptor. ACE2/Ang 1--7/Mas axis is a vasodilator with antioxidant and anti-inflammatory properties. The catalytic domain of ACE2 is located at the extracellular side of the cell. This domain can be cleaved and released into blood by a disintegrin and metallopeptidase domain 17 (ADAM17) \[[@bib11],[@bib12]\]. ACE2 as a key counterregulatory enzyme can attenuate vasoconstriction, sodium retention, pro-inflammatory effects and pro-fibrotic effects of Ang II by its degradation to Ang 1--7, thereby attenuating its effects \[[@bib13]\]. In other words, the ACE2/angiotensin 1-7 axis has opposite effect to the ACE/angiotensin II axis \[[@bib14]\]. In general, it can be said that the ACE2 axis can negatively regulate the ACE axis.

The interaction between the SARS-CoV-2 virus and ACE2 has been supposed to be a potential feature in their infectivity \[[@bib15]\]. There are some possible approaches to address ACE2-mediated SARS-CoV-2 virus, including:

1.1. Delivering excessive soluble form of ACE2 {#sec1.1}
----------------------------------------------

In animal models, it has been shown that SARS-CoV can down-regulate ACE2 protein (but not ACE) via binding its spike protein and intensify the lung damage \[[@bib16]\]. Since, the ACE2/angiotensin 1-7 axis can be effective in protecting the lung from developing acute respiratory distress syndrome (ARDS) as a main complication of coronaviruses, recently, the recombinant human ACE2 (rhACE2; APN01, GSK2586881) has received a lot of attention \[[@bib17],[@bib18]\]. With regards to previous studies, administration of rhACE2, which is purified from the supernatant of ACE2 transfected cells, can reduce plasma angiotensin II and increase plasma angiotensin 1--7 and shows the ability to prevent angiotensin II--induced myocardial hypertrophy, diastolic dysfunction, and myocardial fibrosis \[[@bib19]\].

Generally, it supposed that excessive ACE2, especially soluble form of ACE2 may slow the virus entering and spreading. Also, it can prevent the lung from injury not only by neutralizing the virus but also release cellular ACE2 and enhance its activity. Extensive animal experimental research has shown that rhACE2 could attenuate severe acute lung injury in ACE2-deficient mice \[[@bib20],[@bib21]\]. In human studies, it has been found that rhACE2 is safe, with no adverse effects in patients with ARDS and healthy volunteers \[[@bib22], [@bib23], [@bib24]\]. Interestingly, the results of a pilot study showed that the infusion of rhACE2 tends to decrease the interleukin-6 (IL-6) concentration in patients with ARDS \[[@bib23]\]. Recent investigations reported the increased level of IL-6 in patients with confirmed COVID-19 pneumonia and it has been shown that the level of IL-6 has a positive correlation with the severity of the disease \[[@bib25],[@bib26]\]. Considering the importance of inflammatory cytokines modulation in patients with COVID-19, the rhACE2 may be regarded as a promising therapeutic option.

1.2. Inhibition of the interaction between SARS-CoV-2 virus and ACE2 {#sec1.2}
--------------------------------------------------------------------

The entry inhibitors of the ACE2 receptor has been considered for management of this outbreak, recently. Some compounds which directly bind to ACE2 receptor with high affinity can be suggested for competition with virus including morphine and codeine \[[@bib27]\]. Morphine has been traditionally used for severe pain control and in anesthesia. Morphine as an analgesic drug and a natural opioid mediate their effects via three receptors termed μ, δ, and κ opioid receptors \[[@bib28],[@bib29]\]. This opiate alkaloid (C~17~H~19~NO~3~) isolated firstly from the plant papaver somniferum (the opium poppy) and can produce synthetically nowadays. Based on AutoDock Vina data (molecular screening modeling for protein-ligand docking), it was assumed that morphine (−6.6 kcal/mol) and especially codeine or methyl-morphine (C~18~H~21~NO~3;~ −7 kcal/mol) be more effective compounds with high affinity for directly binding to ACE2 receptor (docking score \< -10 kcal/mol) \[[@bib27]\].

Based on primary care and community respiratory resource pack for using during COVID-19 provided under the strategic health authority of the National Health Service (NHS) in England, morphine sulfate administration can control breathlessness in sever patients of COVID-19 in their last days and hours of life \[[@bib30]\]. Furthermore, Swedish researchers claimed that morphine could be a prime alternative treatment for managing the shortness of breath, coughing and pain in COVID-19 infected patients \[[@bib31]\].

Beyond all these, overwhelming evidence indicates elevated level of some inflammatory cytokines (e.g., interferon-gamma (IFN-γ), IL-6, etc.) in COVID-19 infected patients \[[@bib32]\]. This overproduction of pro-inflammatory cytokines or cytokine storm syndrome (CSS) may cause more damage to the host cells than the SARS-CoV-2 as a foreign invader \[[@bib33]\]. Experimental investigations showed that morphine treatment significantly suppressed some inflammatory cytokines including IL-6, IFNs and tumor necrosis factor alpha (TNF-α) as well alleviated hyper-inflammatory status \[[@bib34],[@bib35]\]. Since elevated levels of inflammatory cytokines and chemokines increased viral replication in bronchoalveolar; modulation of systemic immune responses by morphine may have a potential role in the treatment of patients with COVID-19 \[[@bib36]\]. Also, it has been suggested that opioids such as morphine can regulate immune function through the central nervous system. This opinion perhaps provides new insight into the clinical treatment of severe patients infected by SARS-CoV-2 by inhibitory compounds of ACE2 receptor such as morphine and codeine. Generally, it should be noted that, using morphine and codeine in treating COVID-19 is only hypothetical and is based on the unpublished docking screening study \[[@bib27],[@bib30]\]. Furthermore, morphine may cause sedation and respiratory depression \[[@bib36]\].

2. Conclusion {#sec2}
=============

Based on the available evidence, further clinical studies are needed to test the exogenous administration of rhACE2 in Covid-19. Furthermore, some compounds with competitive effects of the SARS-CoV-2 virus for binding to ACE2 receptors could be new fields of research to tackle with SARS-CoV-2.
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